we noted the occurrence of malignancies. Seven different nationwide registers were used to obtain information on insulin exposure, outcome and possible confounders; these were linked using the unique personal identity number assigned to every Swedish resident. Results After adjustment for age and, when appropriate, sex, users of insulin glargine alone (no other types of insulin), compared with users of types of insulin other than insulin glargine, had an RR of 1.99 (95% CI 1.31-3.03) for breast cancer, 0.93 (95% CI 0.61-1.40) for gastrointestinal cancer, 1.27 (95% CI 0.89-1.82) for prostate cancer and 1.07 (95% CI 0.91-1.27) for any type of malignancy. Adjustment for age, smoking, BMI, age at onset of diabetes, age at birth of first child, cardiovascular disease and oestrogen use gave an RR for breast cancer of 1.97 (95% CI 1.29-3.00). The 95% CIs crossed 1.0 for the RR calculated in all analyses of users of insulin glargine in combination with other types of insulin. Conclusions/interpretation In Sweden, during 2006 and 2007, women using insulin glargine alone (no other types of insulin) had an increased incidence rate of breast cancer as compared with women using types of insulin other than insulin glargine. This result may be due to a random fluctuation; the possibilities for examining validity are limited, and no statistically significant results were obtained for any other individual cancer site or for the outcome 'all malignancies'. No definitive conclusions regarding a possible causal relationship between insulin glargine use and the occurrence of malignancies can be drawn from the results of this study.
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Introduction
Since the introduction of non-human insulins, in vitro data indicating proliferative and anti-apoptotic activity have raised concern [1, 2] . Sweden offers favourable conditions for the evaluation of adverse effects of drug use in the general population: the Prescribed Drug Register gives near-complete coverage of individuals for whom insulin has been prescribed, and the Cancer Register contains, by and large, all new cases of cancer. A personal identity number, unique for each Swedish resident, allows the information from different registers on a particular person to be linked [3] . In the light of a report suggesting that insulin glargine (A21Gly,B31Arg,B32Arg human insulin) may increase cancer occurrence [4] , the EASD asked us to perform the present study. We have investigated the incidence rates of breast cancer, gastrointestinal cancer, prostate cancer and any type of malignancy associated with the use of insulin glargine and compared these with the rates associated with the use of other types of insulin.
Methods
We used the unique personal identity number assigned to each Swedish resident (about 9 million in total) to link together information from seven population-based registers ( Fig. 1) [3] .
The Prescribed Drug Register, the Cancer Register, and the Causes of Death Register, all maintained by the National Board of Health and Welfare were used to obtain information on targeted person-time and outcome. We retrieved variables reflecting potential confounding factors [5] from the Swedish National Diabetes Register (maintained by the local health authorities), the Prescribed Drug Register, the National Patient Register [6] , and the Medical Birth Register [7] (all maintained by the National Board of Health and Welfare). Information on educational level was extracted from the National Education Register [8] , which is maintained by Statistics Sweden. By law, local health authorities must report all new cases of cancer to the Cancer Register, all in-patient information to the National Patient Register, all births to the Medical Birth Register, and all deaths to the Causes of Death Register [9] .
The Swedish Prescribed Drug Register contains details of all the prescriptions dispensed in Sweden [10] . Updated monthly, there are presently around 100 million prescriptions dispensed each year. Before 1 July 2005, the personal identity number was not recorded in the register. We therefore had to start recruiting subjects for observation from 1 July 2005.
The Swedish Cancer Register was set up in 1958, and since that time every clinician, pathologist and cytologist in Sweden must notify the National Board of Health and Welfare of each person who has been diagnosed with a new primary malignancy. The Cancer Register includes primary malignancies and certain benign tumours and precancerous lesions [11] . A comparison with death certificates revealed the rate of non-reporting to the National Cancer Registry to be less than 2% during the late 1970s [12] , and in a comparison with the National Patient Register, the rate of nonreporting to the National Cancer Registry was estimated to be 3.7% in 1998 [13] .
Launched as a quality assurance register in 1996, the National Diabetes Register includes clinically relevant information [14] . Trained physicians and nurses report the data collected during visits to hospital outpatient clinics and primary healthcare centres via the internet or via clinical record databases. The National Education Register is updated annually with information on the highest formal education achieved.
Ethical considerations
The Swedish National Board of Health and Welfare is a government agency and may, in accordance with Swedish law, use population-based registers to follow and analyse health and social conditions among the general population. Data were made available to us in such a way that individuals could not be identified.
Targeted person-time
We have studied all 114,841 individuals who were aged 35-84 years old at the end of 2005, had at least one prescription dispensed for insulin (Anatomical Therapeutic Chemical [ATC] code A10A) between 1 July and 31 December 2005, and who were alive at the start of follow-up (1 January 2006). We studied first diagnosis of a primary malignancy as an outcome measure, excluding individuals who received this diagnosis at any time between 1 January 1958 and 31 December 2005. That is, a subject with a record of having been diagnosed with any type of malignancy was excluded from the analyses of outcomes including 'all malignancies', and men who had a record of having been diagnosed with prostate cancer before 2006 were excluded from the analyses of the outcome 'prostate cancer'. We followed the subjects from 1 January 2006 to 31 December 2007. The number of person-years of follow-up for each individual was from 1 January 2006 to death or loss to follow-up (censorship) or the outcome being analysed or study end. Consequently, the number of observed person-years varies according to the particular type of malignancy studied.
Categories of insulin use Information on exposure to insulin and analogues was obtained from prescriptions dispensed between 1 July and 31 December 2005. Individuals registered as having had at least one prescription dispensed for insulin glargine (ATC code A10AE04), but no prescriptions dispensed for other types of insulin (ATC code A10A) were classified as using insulin glargine alone (no other types of insulin). Having a prescription dispensed for both insulin glargine and another type of insulin classified the individual as a user of insulin glargine and other types of insulin. Having a prescription dispensed for insulin but not for insulin glargine, classified the individual as a user of types of insulin other than insulin glargine.
Outcomes We studied five malignancy outcomes; death from any cause and acute myocardial infarction were also used as endpoints. Following the routines for the Cancer Register, the outcome 'all malignancies' included a carcinoid tumour, a granulosa cell tumour, a thymoma, an adamantinoma, a chordoma, a transitional cell papilloma of the urinary tract, a hormonally active tumour from at least one endocrine gland (except the thyroid), an enterochromaffin or a neuroendocrine tumour. We also included precancerous lesions, including gastrointestinal polyps with suspected malignancy, bronchial adenomas, carcinoma in situ of the breast, fibro-adenoma with suspected malignancy, adenoma phyllodes, precancerous endometrial lesions, hydatidiform moles of placental tissue, ovarian cystadenomas of borderline type, histologically benign tumours of the central nervous system and meningomas. In situ cases were included with malignant tumours as a second outcome. We defined outcomes for three different anatomical areas: 'breast cancer' ( Fig. 1 The registers used, and the variables retrieved from each register prescription dispensed for any drug in 2008 were classified as having been lost to follow-up. The date for loss to followup was set at 90 days after the last date for a dispensed prescription.
Variables reflecting potential confounding factors Sex and age were retrieved from the Prescribed Drug Register. We obtained data on age at onset of diabetes from the National Diabetes Register or estimated it from the time for first admission to hospital care with diabetes as the main diagnosis (ICD-8 Educational level refers to the highest attained educational level at the end of 2005. Educational level was classified into the following three categories, representing distinct levels in the Swedish educational system: (1) 9 years or fewer of schooling, equivalent to elementary school or less; (2) 10-12 years of schooling, equivalent to secondary school; and (3) more than 12 years, equivalent to university. Age at birth of first child (women only) was categorised into no children, <30 years, ≥30 years, and missing information. A large group of women (49%), mainly the older women in the study population, had information missing on childbearing.
Statistical methods As a measure of the relative occurrence of malignancies, we used the incidence rate ratio. For example, we calculated the incidence rate of having been diagnosed with any type of malignancy among users of insulin glargine alone and compared this with the incidence rate among users of other types of insulin. We cite this measure of relative occurrence, the incidence rate ratio, as a relative risk. Poisson regression analyses were used to evaluate the association between the three groups of insulin users and malignancy outcome. These models were fitted with the logarithm of observed person-years as the offset and they also provided 95% CIs of the incidence rate ratio. When adjusting for potential confounding factors, we categorised the numeric variables as presented in Tables 1  and 4 , and in order to avoid a substantial reduction of the number of subjects, we accepted 'missing value' as a single category in our main analyses. The Genmod procedure in the SAS statistical software package (SAS Institute, Cary, NC, USA) was used for the calculations. Table 1 shows the characteristics of the study subjects at baseline. Of the 114,841 subjects followed, 5,970 (5.2%) were classified as users of insulin glargine alone, 20,316 (17.7%) were classified as users of insulin glargine in combination with other types of insulin, and 88,555 (77.1%) were classified as users of types of insulin other than insulin glargine. The majority (90.6%) of users of insulin glargine alone were classified as having type 2 diabetes or having information missing on type of diabetes. The same was true of users of types of insulin other than insulin glargine: a high percentage (89.8%) were classified as having type 2 diabetes or having information missing on type of diabetes. Compared with the other two groups, the group of users of insulin glargine in combination with other types of insulin had a lower mean age and a lower percentage (61.1%) were classified as having type 2 diabetes or having information missing on type of diabetes.
Results
The 95% CIs of the adjusted RRs included 1.0 for malignancy outcomes other than breast cancer (Tables 2  and 3 ). The RR for breast cancer in women who used insulin glargine alone compared with those who used types of insulin other than insulin glargine was 1.91 (95% CI 1.25-2.89) when not adjusted, 1.99 (95% CI 1.31-3.03) when adjusted for age, and 1.97 (1.30-3.00) when adjusted for several variables ( Table 2 ). The corresponding figures for women who used insulin glargine in combination with other types of insulin compared with those who used types of insulin other than insulin glargine were 0.92 (0.66-1.29), 1.10 (0.77-1.56) and 1.17 (0.81-1.68) ( Table 3) .
As a consequence of these results for breast cancer we then used alternative specifications for the models for breast cancer, e.g. including age as continuous variable, deleting observations with missing values and replacing the assumption of Poisson distribution with negative binominal distribution. None of these alternative specifications had a substantial effect on the results. We also performed additional analyses restricted to women. The demographic data for those women who were not diagnosed with breast cancer from 1958 to 2005 are shown in Table 4 ; a pattern similar to that shown in Table 1 can be seen. We examined all available variables that may reflect one (or several) risk factor for breast cancer. The adjusted RRs varied between 1.96 and 2.00 for women using insulin glargine alone compared with those using types of insulin other than insulin glargine (Table 5) .
Taking an extra latency period of 1 year into account, thereby starting follow-up on 1 January 2007, yielded a somewhat higher RR for users of insulin glargine alone (2.22, 95% CI 1.24-3.99). After extending the exposure period to 1 year, from 1 July 2005 to 30 June 2006, and starting follow-up on 1 July 2006, we found that, among users of insulin glargine alone, the RR of breast cancer was 2.14 (95% 1.24-3.71) for women with three or more prescriptions dispensed for insulin glargine and 1.53 (0.49-4.79) for women with one to two prescriptions dispensed, compared with those with no prescriptions dispensed for insulin glargine. We saw no statistically significant increase in incidence rate with increasing number of daily defined doses of insulin glargine (data not shown).
When restricting the analysis to those with type 1 diabetes or those with type 2 diabetes, a statistically significant difference in breast cancer occurrence between users of insulin glargine alone and users of types of insulin other than insulin glargine was seen for both types of diabetes (data not shown). Further analysis of the RR for each type of diabetes was not possible because of the small number of cases. The incidence rate of breast cancer was low before age 55; it was therefore not possible to study pre-and postmenopausal breast cancer. To obtain a measure of breast cancer occurrence after having used insulin glargine, irrespective of whether alone or together with other types of insulin, we combined the two groups of insulin glargine users and adjusted the RR for age, age at birth of first child, age at onset of diabetes, BMI, having had cardiovascular disease, oestrogen use and smoking. This gave an RR of 1.40 (1.04-1.89).
When we studied acute myocardial infarction as an outcome and adjusted for age, age at onset of diabetes, BMI and smoking, we obtained an RR of 0.77 (0.59-1.00) for female users of insulin glargine alone, and 0.88 (0.74-1.05) for female users of insulin glargine together with other types of insulin, compared with female users of types of insulin other than insulin glargine. When investigating mortality, we adjusted for age, age at onset of diabetes, BMI, smoking and having had cardiovascular disease. Female users of insulin glargine alone had a mortality ratio of 0.83 (95% CI 0.71-0.96), and female users of insulin glargine together with other types of insulin had a mortality ratio of 0.87 (0.77-0.97), compared with female users of types of insulin other than insulin glargine.
Discussion
We found that the incidence rates for gastrointestinal cancer, prostate cancer, and any type of malignancy among users of insulin glargine were similar to the incidence rates among users of other types of insulin. In Sweden, during 2006 and 2007, users of insulin glargine alone had a higher incidence rate of breast cancer than users of types of insulin other than insulin glargine.
We cannot rule out that the increased incidence rate for breast cancer in Sweden during 2006 and 2007 among users of insulin glargine alone, compared with users of other types of insulin, was the result of random fluctuation; statistical significance does not exclude this possibility. When examining problems with validity, we are limited to the information available in the registers; we cannot rule out validity problems for which we have no data. Specifically, we lack data on important possible confounding factors and, for some, we depend on data from the National Diabetes Register, which only covers about half of the individuals we study. All risk factors for breast cancer may confound the results we obtained; risk factors explaining a large proportion of the variation in the incidence rate for breast cancer in Sweden are more likely to confound the Adjusting for available variables changed the RR to such a small degree that we can exclude significant confounding [5] by risk factors for breast cancer such as age at birth of first child [15] , BMI [16] , educational level [17] , metformin intake [18] and oestrogen intake [19] . We do not know to what extent available variables reflect alcohol intake [20, 21] , food intake [22] or health consciousness, and we do not have any information on genetic predisposition to breast cancer (e.g. presence of a mutation in BRCA1 [23] [24] [25] or BRCA2 [26, 27] ).
To prevent the development of cancer having any influence on selection for observation of cancer occurrence ('reversed causality'), we performed a fixed-cohort analysis, classifying individuals according to drug prescriptions dispensed in 2005. Some individuals registered as having a drug prescription dispensed for other types of insulin may certainly have used insulin glargine before 2005 or during the observation period during 2006 and 2007. This error often causes a non-differential misclassification of exposure, which shifts the RR towards 1.0 [28] . In other words, the uncertainty surrounding the extent to which a registered prescription dispensed for insulin glargine reflects real-life use of insulin glargine limits our ability to detect the true effect on the occurrence of malignancies. This limitation does not, however, as a rule, produce a spurious result indicating an effect. Thus, if we had been able to eliminate this inaccuracy, allowing us to only study the true users of insulin glargine with respect to the development of malignancies over the relevant time period, we would probably have obtained an age-adjusted RR higher than the 1.99 we obtained for breast cancer for users of insulin glargine alone. The available information indicates that loss to follow-up was small and did not differ between the different treatment groups. We did not find any indication of reversed causality, that is, of the presence of cancer having influenced the likelihood of using, or not using, insulin glargine. The mortality rate and the incidence rate of acute myocardial infarction were lower for users of insulin glargine alone than for users of types of insulin other than insulin glargine; we have no indication that users of insulin glargine alone had a higher rate of morbidity than the comparison group.
Duration from the start of exposure of industrial agents to an excess risk of cancer is usually 10-25 years. Among users of the drug chlornaphazine, an agent used to treat polycytemia verae, an increased risk of bladder cancer was observed as early as 3-5 years after treatment initiation [29, 30] . Chlornaphazine resembles the extremely strong and remarkably species-unspecific bladder cancer carcinogen β-naphthylamine. We are not aware of any documentation of an increased incidence of cancer the year after initiation of treatment with a specific drug. Insulin glargine appeared on the Swedish market in 2003, and we do not know the percentage of users of insulin glargine who started using the drug in that year. Nevertheless, the short duration from the start of insulin glargine use to the increased incidence rate for breast cancer suggests that our results could be due to random fluctuation.
We have no evidence of whether the difference in incidence rate for breast cancer among users of insulin glargine alone, compared with users of insulin glargine together with other types of insulin, is caused by random fluctuations, interaction between insulin glargine and another insulin, or the presence of an as-yet-unidentified effect-modifying factor in the insulin glargine alone group. Any suggestion of an explanation would be pure speculation. The group of users of insulin glargine in combination with other types of insulin had a lower mean age and had more often type 1 diabetes than the other two groups.
Weinstein and co-workers demonstrated that insulin glargine stimulates the proliferation of cultured colorectal, prostate and breast cancer cells [2] . Epidemiological studies link circulating IGF-I concentrations to the incidence of breast, prostate and colorectal cancer [31] [32] [33] . Insulin glargine may have a similar mechanism of action to IGF-I. Thus, before the study, we expected that an increased incidence rate of breast cancer, if present, would occur in parallel with an increased incidence rate of gastrointestinal and prostate cancer. We found no statistically significant results for prostate or gastrointestinal cancer, which, again, strengthens the interpretation that the breast cancer results were due to random fluctuation.
Data from other settings are needed before any true effects of the incidence of malignancies related to insulin glargine can be evaluated with a high level of confidence. When more evidence becomes available, the absolute increase in incidence, if any, must be weighed against the beneficial effects, as well as other adverse effects, of using insulin glargine compared with other types of insulin.
